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Description 

Ion beam irradiation apparatus and ion beam irradiation method 
Technical Field 

[0001] The present invention relates to an ion beam irradiation 

apparatus and an ion beam irradiation method which irradiate a 
substrate to be processed with an ion beam, thereby processing 
the substrate- The apparatus and the method are used for, in 
production of a liquid crystal display or the like, applying an 
alignment process on an alignment film formed on the surface of 
a substrate for the liquid crystal display, or forming an 
alignment film on the surface of a substrate for the liquid 
crystal display and applying an alignment process on the 
alignment film. 
Background Art 

[0002] JP-A-9-218408 (columns 0011 and 0012, and Fig. 1) 

(hereinafter, referred to as Patent Reference- 1) -discloses- a 

technique in which an ion beam is caused to enter at a 
predetermined incident angle an alignment film formed on the 
surface of a substrate for a liquid crystal display, to apply an 
alignment process (i.e., a process of aligning liquid crystal 
molecules in a predetermined direction) on the alignment film. 

[0003] Furthermore, JP-A-2002-62532 (columns 0018 and 0019, and 

Figs. 2 and 4) (hereinafter, referred to as Patent Reference 2) 
discloses a technique in which the surface of a substrate is 
irradiated with an ion beam while reciprocating the substrate in 
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parallel to the surface of the substrate with respect to an ion 
source placed at a predetermined angle to the substrate, thereby 
forming an alignment film for the liquid crystal display on the 
surface of the substrate and applying an alignment process on 
the alignment film. 

Patent Reference 1: JP-A-9-218408 
Patent Reference 2: JP-A-2002-62532 
Disclosure of the Invention 
Problems that the Invention is to Solve 

[0004] In ion beam irradiation such as an alignment process by an 

ion beam or the like, the conditions of irradiation of an ion 
beam are often changed in order to cope with many kinds. Also 
the incident angle of an ion beam to the substrate surface is 
one of the irradiation conditions. 

[0005] In the case where an ion source is attached to the outside 

of a vacuum chamber via a flange as the technique disclosed in - 

Patent Reference 1, it is not impossible, but is difficult to 
change the incident angle of an ion beam by changing the angle 
of the ion source, because, when the incident angle is to be 
changed, the structure of the flange portion must be changed, 
the changeable range of the angle is very narrow, and the vacuum 
chamber must be opened. 

[0006] A specific structure for changing the incident angle of an 

ion beam is not described in Patent Reference 2 . 

[0007] There is an idea that the ion source is fixed to a support 
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member disposed inside the vacuum chamber. Also in this case, 
when the incident angle is to be changed, the structure of the 
support member portion must be changed, and the vacuum chamber 
must be opened. Therefore, it is not easy to change the 
incident angle. 

[0008] There is another idea that, as an example shown in Fig. 7, 

an ion source 2 having, on a side portion of the ion source 2, a 
rotation shaft 8 which reciprocally rotates the ion source 2 as 
indicated by the arrow A is disposed in a vacuum chamber. When 

the incident angle 0 of an ion beam 4 emitted from the ion 
source 2 to a substrate 6 is to be changed, however, the vacuum 
chamber must be opened. Therefore, it is not easy to change the 

incident angle 0 of the ion beam 4 to the substrate 6. 
[0009] In the apparatus of Fig. 7, referring also to Fig. 8, the 

ion beam 4 which is wider than the width W 2 in the Y-direction 
. - ... of the rectangular substrate 6 is emitted from -the ion- source 2 

to the substrate 6. The substrate 6 is reciprocally driven in 

the X-direction which is substantially perpendicular to the Y- 

direction . 

[0010] In the case of the example of Fig. 7, furthermore, the 

rotation center of the ion source 2, i.e., the center axis 8a of 
the rotation shaft 8 is located inside the ion source 2. When 
the incident angle 0 is to be changed by rotating the ion source 
2, therefore, the irradiation position of the ion beam 4 to the 
substrate 6 largely differs depending on the incident angle 0 as 
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shown in Fig. 7. As a result, as the incident angle 9 is made 
smaller, the irradiation position of the ion beam 4 to the 
substrate 6 becomes farther. Therefore, the size of the 
apparatus must be increased. As the example shown in Fig. 8, 
moreover, also the size of the irradiation region Si, S 2 , ... of 
the ion beam 4 to the substrate 6 is largely varied depending on 

the incident angle 6. Namely, as the incident angle 9 is made 
smaller, the irradiation region is larger. As a result, in 
order to irradiate the whole face of the substrate 6 with the 
ion beam 4, the driving distance (scan width) in the X-direction 
of the substrate 6 must be longer as the irradiation region of 
the ion beam 4 is larger. Therefore, the size of the apparatus 
is increased, and the substrate process time is prolonged, so 
that the throughput of the apparatus is lowered. 
[0011] It is a principal object of the invention to provide an 

----- ion beam- irradiation apparatus - in which the incident- angle - of an 

ion beam can be easily changed, and, even when the incident 
angle is to be made smaller, deviation of the irradiation 
position and spreading of the irradiation region can be 
suppressed to a small degree, and an ion beam irradiation method 
using it. 

Means for Solving the Problems 
[0012] The ion beam irradiation apparatus of the invention 

comprises: a vacuum chamber which is to be evacuated to a 
vacuum; an ion source which is disposed inside the vacuum 
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chamber, and which irradiates a substrate to be processed with 
an ion beam that is larger in width than the substrate; a 
substrate driving mechanism which drives the substrate in the 
vacuum chamber in a direction that is substantially 
perpendicular to a width direction of the ion beam emitted from 
the ion source; a rotation shaft which is passed through the 
vacuum chamber, and a center axis of which is located in a place 
separated from the ion source toward the substrate, and 
substantially parallel to a surface of the substrate; an arm 
which is disposed inside the vacuum chamber, and which supports 
the ion source through the rotation shaft; and a motor which is 
disposed outside the vacuum chamber, and which reciprocally 
rotates the rotation shaft, the ion source being supported to be 
rotatable about the center axis of the rotation shaft. 

[0013] According to the ion beam irradiation apparatus, the ion 

source is rotated f rom- the outside of the -vacuum - chamber- without 

opening the vacuum chamber, and about the center axis of the 
rotation shaft, by rotating the rotation shaft by the motor, 
whereby the incident angle of the ion beam to the substrate can 
be changed. Therefore, this change is easily conducted. 

[0014] Furthermore, the center axis of the rotation shaft is 

located at a place separated from the ion source toward the 
substrate, and the ion source is rotated about the center axis. 
Even in the case of a small incident angle, therefore, deviation 
of the irradiation position of the ion beam to the substrate, 
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and spreading of the irradiation region of the ion beam to the 



substrate can be suppressed to a small degree as compared with 



the case where the center axis is located inside the ion source. 



[0015] 



A distance between the center axis of the rotation shaft 



and the surface of the substrate may be equal to or less about a 



half (the lower limit is 0) of a width of the ion source on a 



side of a rotation direction, or a width on a side of an outlet 



of the ion source . 



[0016] 



The rotation shaft and the arm may be configured by a 



hollow magnetic member to have a magnetic shielding function, 
and set to a ground potential, and a conductor through which an 
electric power is supplied from an outside of the vacuum chamber 
to the ion source may be passed through in the rotation shaft 
and the arm. 



density- d-istri-but-iorv in - the- -width direction of - the- ion beam- - - 

emitted from the ion source may be disposed at a position which 
is inside the vacuum chamber, and which is opposed to the ion 
source across a passage for the substrate, the ion source being 
located at a predetermined angle with respect to the substrate. 
[0018] The beam measuring instrument may be disposed at a 



[0017] 



A beam measuring instrument which measures a current 



position opposed to the ion source which is located at an angle 



that is substantially perpendicular to the substrate. 



[0019] 



The ion beam irradiation method of the invention is an ion 



beam irradiation method which uses the ion beam irradiation 
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apparatus in which the beam measuring instrument is disposed, 
wherein the method comprises the steps: locating the ion source 
at an angle at which the ion source is opposed to the beam 
measuring instrument, and, with using the beam measuring 
instrument, measuring the current density distribution of the 
ion beam emitted from the ion source; then determining whether 
the measured current density distribution is within a 
predetermined allowable range or not, proceeding to a next step 
if within the allowable range, and, if not within the allowable 
range, adjusting the current density distribution to be within 
the allowable range; then locating the ion source at a 
predetermined angle required for processing the substrate; and 
then applying a process on the substrate by irradiating the 
substrate with the ion beam from the ion source while driving 
the substrate by the substrate driving mechanism. 

[0020] According to -the ion -beam irradiation method, - the angle of 

the ion source can be easily adjusted to a desired value from 
the outside of the vacuum chamber. As required such as for each 
substrate or for each lot of substrates, for example, the ion 
source is moved to a measurement position, the current density 
distribution of the ion beam is measured and evaluated, and 
necessary adjustment is conducted, and thereafter the ion source 
can be moved to a process position to apply the process on the 
substrate. As a result, the stable process can be conducted 
easily. 
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Effects of the Invention 
[0021] According to the invention of claim 1, the ion source is 

rotated from the outside of the vacuum chamber without opening 
the vacuum chamber, and about the center axis of the rotation 
shaft, by rotating the rotation shaft by the motor, whereby the 
incident angle of the ion beam to the substrate can be easily 
changed . 

[0022] Furthermore, the center axis of the rotation shaft is 
located at a place separated from the ion source toward the 
substrate, and the ion source is rotated about the center axis. 
Even in the case of a small incident angle, therefore, deviation 
of the irradiation position of the ion beam to the substrate, 
and spreading of the irradiation region of the ion beam to the 
substrate can be suppressed to a small degree. As a result, 
miniaturization of the apparatus is enabled, and lowering of the 
■throughput- of the- apparatus can be suppressed. - - 

[0023] Moreover, the adjustment of the incident angle can be 

electrically controlled by controlling the motor. Therefore, 
the substrate can be processed easily and efficiently at a 
desired incident angle. 

[0024] According to the invention of claim 2, the following 

further effects are attained. Namely, the center axis of the 
rotation shaft is located at a place which is near the surface 
of the substrate as described above. Even in the case of a 
small incident angle, therefore, deviation of the irradiation 
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position of the ion beam to the substrate, and spreading of the 
irradiation region of the ion beam to the substrate can be 
suppressed to a small degree- As a result, further 
miniaturization of the apparatus is enabled, and lowering of the 
current density distribution of the ion beam in the substrate 
surface when the incident angle is small can be suppressed to a 
smaller degree. 

[0025] According to the invention of claim 3, the following 

further effects are attained- Namely, even when the conductor 
through which the electric power is supplied to the ion source 
must be laid near the ion source because of, for example, the 
ion source is housed in the vacuum chamber and the space inside 
the vacuum chamber is restricted, the conductor is passed 
through in the rotation shaft and the arm which have the 
magnetic shielding function, and hence leakage of a magnetic 

field generated by a current -flowing through - the-* conductor can 

be suppressed to prevent the magnetic field from adversely 
affecting the ion beam emitted from the ion source. For example, 
the current density distribution of the ion beam emitted from 
the ion source can be prevented from being disturbed. 

[002 6] The circumference of the ion source is a vacuum 

environment, and there are many ions and electrons which will 
function as a trigger for discharge. In the case where the 
conductor is not passed through in the rotation shaft and the 
arm but passed through the vacuum chamber while being exposed, 
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when a high voltage is applied to the conductor, therefore, a 
phenomenon in which a discharge is generated with respect to a 
neighboring portion of a different potential, and the emission 
of an ion beam from the ion source becomes unstable easily 
occurs. In the invention, however, the conductor is passed 
through in the rotation shaft and. the arm which are at the 
ground potential, and electrically shielded from the atmosphere 
in the vacuum chamber. Therefore, it is possible to suppress 
occurrence of the phenomenon in which, when a high voltage is 
applied to the conductor, a discharge is generated with respect 
to a portion of a different potential in the vacuum chamber, and 
the emission of an ion beam from the ion source becomes unstable. 

[0027] According to the invention of claim 4, the current density 

distribution in the width direction of the ion beam emitted from 
the ion source which is located at a predetermined angle with 

respect to the substrate can be measured by- the beam measuring 

instrument. Therefore, a further effect that a result of the 
measurement can be used in characteristic evaluation of the ion 
beam, adjustment of the ion source, and the like is attained. 

[0028] According to the invention of claim 5, the beam measuring 

instrument is disposed at a position opposed to the ion source 
which is located at an angle that is substantially perpendicular 
to the substrate. Therefore, the beam measuring instrument can 
be located in the vicinity of the ion source, and it is easy to 
cause the ion beam to enter substantially perpendicularly the 
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beam measuring instrument. Consequently, a further effect that 
the accuracy of measurement by the beam measuring instrument can 
be enhanced. 

[0029] According to the invention of claim 6, the angle of the 

ion source can be easily adjusted to a desired value from the 
outside of the vacuum chamber. As required such as for each 
substrate or for each lot of substrates, for example, the ion 
source is moved to a measurement position, the current density 
distribution of the ion beam is measured and evaluated, and 
necessary adjustment is conducted, and thereafter the ion source 
can be moved to a process position to apply the process on the 
substrate. As a result, the stable process can be conducted 
easily. 

Brief Description of the Drawings 
[0030] [Fig. 1] Fig. 1 is a longitudinal section view showing an 

embodiment- of -the ion beam irradiation apparatus of- the - 

invention. 

[Fig. 2] Fig. 2 is a longitudinal section view showing the 
apparatus of Fig. 1 as viewing from the right direction. 

[Fig. 3] Fig. 3 is a longitudinal section view showing a 
further specific example of a beam measuring instrument in Figs. 
1 and 2 . 

[Fig. 4(a)] Fig. 4(a) is a side view simplifiedly showing an 
example of the state of incidence of an ion beam to the surface 
of a substrate in the case where the center axis of a rotation 
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shaft for rotating an ion source is remote from the substrate 
surface . 

[Fig. 4(b)] Fig. 4(b) is a side view simplif iedly showing an 
example of the state of incidence of the ion beam to the surface 
of the substrate in the case where the center axis of the 
rotation shaft for rotating the ion source is near the substrate 
surface . 

[Fig. 5] Fig. 5 is a side view showing relationships between 
the width on the side of an outlet of the ion source and the 
position of the center axis of the rotation shaft for rotating 
the ion source. 

[Fig. 6] Fig. 6 is a side view showing an example in which the 
center axis of the ion source is deviated from that of an arm. 

[Fig. 7] Fig. 7 is a side view showing an example in which the 
rotation center of the ion source is located in the ion source. 

[Fi-g-=~- 8-3 Fig i- 8 is a - plan view showing an example of - — - - 

relationships between the substrate and the ion beam irradiated 
to the surface thereof. 

Description of Reference Numerals and Signs 
[0031] 2 ion source 
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ion beam 



6 



substrate 



10 



vacuum chamber 



12 



arm 



14 



rotation shaft 
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14a center axis 
22 motor 

30 substrate driving mechanism 

46 beam measuring instrument 

Best Mode for Carrying Out the Invention 

[0032] Fig. 1 is a longitudinal section view showing an 

embodiment of the ion beam irradiation apparatus of the 
invention. Fig. 2 is a longitudinal section view showing the 
apparatus of Fig. 1 as viewing from the right direction. The 
portions which are identical with or equivalent to those of the 
example shown in Figs. 7 and 8 are denoted by the same reference 
numerals, and hereinafter differences with respect to the 
example will be mainly described. 

[0033] The ion beam irradiation apparatus comprises a vacuum 
chamber 10 which is to be evacuated to a vacuum, and an ion 
- sou-ree 2 which is disposed inside the -vacuum- chamber 

[0034] The ion source 2 emits an ion beam 4 which is wider than a 

substrate 6 to be processed, to the substrate 6. The shape of 
the substrate 6 is not restricted to a specific one. In the 
case where the plan shape of the substrate 6 is a rectangle 
which is long in the X-direction and short in the Y-direction as 
shown in Fig. 8, the ion source 2 emits the ion beam 4 which is 
wider than the width W 2 of the short side (i.e., in the Y- 
direction) . In this example, therefore, the ion source 2 has a 
shape which is elongated in the Y-direction, and which is 
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similar to a rectangular parallelpiped . For example, the ion 
source 2 emits the ion beam 4 having a rectangular section shape 
which is short in the X-direction and long in the Y-direction 
such as shown in Fig. 8. In the description, the width of the 
ion beam 4 means the width in the Y-direction . 
[0035] For example, the substrate 6 is a flat substrate for a 

liquid crystal display. In this case, an alignment film may be 
previously formed on the surface of the substrate 6 before an 
alignment process by the ion beam 4, or an alignment film may be 
formed on the surface of the substrate 6 by irradiation of the 
ion beam 4 and an alignment process may be applied on the 
alignment film. 

[0036] The ion beam irradiation apparatus further comprises a 

substrate driving mechanism 30 which linearly drives the 
substrate 6 in the vacuum chamber 10 in the X-direction that is 

subs-t anti-ally perpendicular -to the width- direction (i . e . ^ - the -Y- 

direction) of the ion beam 4 emitted from the ion source 2. The 
driving of the substrate 6 by the substrate driving mechanism 30 
may be performed in one direction. However, reciprocal driving 
is preferable because of reasons such as that the irradiation 
amount of the ion beam 4 to the substrate 6 is increased. In 
the embodiment, reciprocal driving is performed. The driving 
speed of the substrate 6 when the ion beam 4 is incident on the 
substrate 6 is kept constant. 

[0037] In this example, the substrate driving mechanism 30 
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comprises: a plate-like substrate support member 32 which 
supports the substrate 6; a plurality of rollers 34 which are 
arranged in two rows; and a motor 36. The plural rollers 34 
which are arranged in two rows support both end portions in the 
Y-direction of the substrate support member 32. The motor 3 6 is 
disposed outside the vacuum chamber 10, and reciprocally rotates 
a predetermined one of the rollers 34 via a rotation shaft 38 as 
indicated by the arrow D (see Fig. 2) . The roller 34 coupled 
with the rotation shaft 38, and the other rollers 34 are 
connected to one another by, for example, chains or belts, so as 
to be rotated in an interlocking manner. A bearing 40 having a 
vacuum sealing function is disposed in a portion where the 
rotation shaft 38 penetrates passed through the vacuum chamber 
10. When the motor 36 reciprocally rotates, the substrate 
support member 32 and the substrate 6 thereon can be moved on 

-the rollers 34 reciprocally and linearly in- the X-direction 

within the irradiation region of the ion beam 4 from the ion 
source 2 . 

[0038] However, the substrate driving mechanism 30 is not 

restricted to the configuration of the example. For example, 
the substrate support member 32 may not be used, and the 
substrate 6 may be directly supported by the rollers 34 so as to 
be slid on the rollers 34 to perform reciprocal movement. 
Alternatively, a tray-like member may be used as the substrate 
support member 32. In place of the rollers 34, the motor 36, 
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and the like, a linear driving apparatus (for example, an air 
cylinder) for moving reciprocally and linearly the plate-like or 
tray-like substrate support member 32 may be disposed. 

[0039] The ion beam irradiation apparatus further comprises 

rotation shafts 14, arms 12, and a motor 22. The rotation 
shafts 14 penetrate through the vacuum chamber 10, and the 
center axes 14a of the shafts are located in a place separated 
from the ion source 2 toward the substrate 6, and substantially 
parallel to the surface 6a of the substrate 6 and also to the Y- 
direction. The arms 12 are disposed inside the vacuum chamber 
10, and support the ion source 2 through the rotation shafts 14 
(in other words, the arms connect the rotation shafts 14 with 
the ion source 2 in the vacuum chamber 10) . The motor 22 is 
disposed outside the vacuum chamber 10, and reciprocally rotates 
the rotation shafts 14 as indicated by the arrow B. According 

to the -conf igura-tion> - the ion source 2 is- supported- inside -the 

vacuum chamber 10 so as to be rotatable about the center axes 
14a of the rotation shafts 14 as indicated by the arrow B. 

[0040] In this example, the rotation shafts 14 and the arms 12 

are disposed on the both sides in the Y-direction of the ion 
source 2. According to the configuration, it is possible to 
stably support the ion source 2 from the both sides. However, 
the invention is not restricted to this configuration. For 
example, the rotation shaft 14 and the arm 12 may be disposed 
only on one side of the ion source 2 . In portions where the 
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rotation shafts 14 penetrate through the vacuum chamber 10, 
bearings 16 having a vacuum sealing function are disposed 
respectively. 

[0041] In the example, the arms 12 have an L-like shape. The 

arms 12 support the ion source 2 in substantially parallel to 
the center axes 14a of the rotation shafts 14 with directing the 
outlet (an emission port for the ion beam 4) toward the 
substrate 6 . 

[0042] The motor 22 can reciprocally rotate as shown by the arrow 

C (see Fig. 2). This example is configured so that the rotation 
force is transmitted to one of the rotation shafts 14 through: a 
pulley 2 6 attached to a rotation shaft 24 of the motor 22; a 
pulley 18 attached to the rotation shaft 14; and a belt 20 which 
is looped around the pulleys 18, 26. However, the mechanism for 
transmitting the rotation force of the motor 22 may have a 

configuration- other than this- example . -For- example,- -the - 

mechanism may use a timing belt, gears, etc. Alternatively, a 
motor 2 2 of a low rotational speed may be used and the motor may 
be directly coupled to the rotation shaft 14. 

[0043] The rotation shafts 14 and the arms 12 may be solid, or, 

as in the embodiment, may be hollow. This will be described 
later. 

[0044] According to the ion beam irradiation apparatus, by 

rotating the rotation shaft 14 by the motor 22, the ion source 2 
is rotated from the outside of the vacuum chamber 10 without 
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opening the vacuum chamber 10 , and about the center axis 14a of 

the rotation shaft 14. Therefore, the incident angle 0 (see 
Figs. 4, 5, and 7) of the ion beam 4 to the substrate 6 can be 
easily changed. 

[0045] Furthermore, the center axis 14a of the rotation shaft 14 

is located at a place separated from the ion source 2 toward the 
substrate 6, and the ion source 2 is rotated about the center 

axis 14a. Even in the case where the incident angle 9 is small, 
therefore, deviation of the irradiation position of the ion beam 
4 to the substrate 6, and spreading of the irradiation region of 
the ion beam 4 to the substrate 6 can be suppressed to a small 
degree as compared with the case where the center axis 8a is 
located inside the ion source 2 as in the example shown in Fig. 
7. As a result, miniaturization of the apparatus is enabled, 
and lowering of the throughput of the apparatus can be 

— suppressed. — ~- 

[0046] This will be further described. The position and size of 

the irradiation region of the ion beam 4 to the substrate 6 when 
the incident angle 0 is smaller than 90 degrees largely differ 
depending on the position of the rotation center of the ion 
source 2, i.e., the center axis 14a of the rotation shaft 14. 
Fig. 4A shows an example in which the center axis 14a is located 
near the outlet of the ion source 2, and Fig. 4B shows an 
example in which the center axis 14a is located near the 
substrate surface 6a. 
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[0047] In both the examples, as the incident angle G of the ion 

beam 4 is made smaller from 0i (= 90 degrees) to 0 2 or 0 3/ the 
irradiation position of the ion beam 4 to the substrate surface 
6a is more deviated from the position of the incident angle Q x 
(the distance is L 3 ) . In the case where the incident angles G 2 
and 9 3 of the same value are to be realized, however, the 
deviation distance L 3 in the example of Fig. 4B can be made very 
smaller than that in the example of Fig. 4A. Therefore, the ion 
beam irradiation apparatus can be correspondingly miniaturized. 

[0048] Since the ion beam 4 emitted from the ion source has a 

tendency to diverge because of the space charge effect or the 
like, the irradiation region of the ion beam 4 to the substrate 
surface 6a is wider as the distance L 3 is longer. In the 
example of Fig. 4B, therefore, spreading of the irradiation 
region can be more suppressed to a small degree. As a result, 

-the driving distance (scan width) in the X-direction of -the 

substrate 6 which is required for irradiating the whole face of 
the substrate 6 with the ion beam 4 can be prevented from being 
largely increased. Therefore, the apparatus can be miniaturized 
also in this point of view. Furthermore, the substrate process 
time is prevented from being prolonged, so that lowering of the 
throughput of the apparatus can be suppressed. 

[0049] As described above, it is preferable to locate the center 

axes 14a of the rotation shafts 14 near the substrate surface 6a. 
Referring to Fig. 5, when the center axes 14a are located near 
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the substrate surface 6a, however, there is a possibility that, 

when the incident angle G is very small, a lower portion of the 
ion source 2 butts against the substrate surface 6a. In order 
to prevent this from occurring, there arises a need to prolong 
the arms 12 to increase the distance between the ion source 2 
and the center axes 14a. 

[0050] In order to enable a small incident angle 0 to be realized 

in a practical distance between the ion source 2 and the center 
axes 14a, preferably, the distance L x between the center axes 
14a of the rotation shafts 14 and the substrate surface 6a is 
set within a range of 0 or more and about Wi/2 or less, in view 
of the size of the ion source 2 (specifically, the width Wi of 
the ion source 2 on the side of the rotation direction, or the 
width on the side of the outlet of the ion source 2) . 

[0051] In the case where the center axes 14a of the rotation 

shafts 14, i.e.-,- the rotation center of the- ion source— 2 is 

located within the range, and at a place near the substrate 
surface 6a, even when the incident angle 0 is small, deviation 
of the irradiation position of the ion beam to the substrate 6, 
and spreading of the irradiation region of the ion beam to the 
substrate 6 can be suppressed to a smaller degree. As a result, 
further miniaturization of the apparatus is enabled, and 
lowering of the throughput of the apparatus can be further 
suppressed. 

[0052] In the example of Fig. 1, the center axes 12a of the arms 
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12 coincide with the center axis 2a of the ion source 2 (with 
respect to both the axes, see Fig. 6). However, the invention 
is not restricted to this configuration. As an example shown in 
Fig. 6, the center axis 2a of the ion source 2 may be coupled 
with being shifted from the center axes 12a of the arms 12 
toward the side opposite to the substrate 6. According to the 
configuration, when a small incident angle is employed, a lower 
portion of the ion source 2 hardly butts against the substrate 
surface 6a. Even when an ion source of the same width W x is 
used, therefore, the distance Li can be further shortened, or 
the distance between the ion source 2 and the center axes 14a 
can be further reduced. As a result, in any case, further 
miniaturization of the apparatus is enabled because of the 
above-mentioned reason. 
[0053] As described above, the rotation shafts 14 and the arms 12 

may be -hol-low-.- I-nr-the embodiment, this con-f igurati-on-is 

employed. Specifically, the rotation shafts 14 are cylindrical, 
the arms 12 have a duct-like shape, and the interiors of the 
members 14, 12 communicate with one another. The ends of the 
arms 12 on the side of the ion source 2 are connected to the ion 
source 2. A vacuum sealing member 44 which performs vacuum seal 
is disposed in the interiors of the rotation shafts 14 (for 
example, the interiors in the vicinity of the vacuum chamber 10) . 

Furthermore, the rotation shafts 14 and the arms 12 are 
configured by a magnetic material such as iron, or carbon steel. 
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Furthermore, the rotation shafts 14 and the arms 12 are 
electrically grounded. Also the vacuum chamber 10 is 
electrically grounded . 
[0054] Conductors 42 through which an electric power is supplied 

from the outside of the vacuum chamber 10 to the ion source 2 
are passed through in the rotation shafts 14 and the arms 12 to 
be guided to the ion source 2. In order to simplify the 
illustration, in Fig. 2, only one conductor 42 is illustrated in 
each of the right and left sides. However, the conductors are 
not restricted to one conductor in each side, and a necessary 
number of conductors can be passed. In the case where the 
rotation shaft 14 and the arm 12 are disposed on the both sides 
of the ion source 2, the conductors 42 may be passed through in 
the arms 12 and the like on one side, or through in the arm 12 
and the like on the both sides. For example, the conductors 42 

include:- condue-tors for -supplying a filament - power- for-. heating- a 

filament of the ion source 2; conductors for supplying an arc 
power for arc discharge to the ion source 2; and conductors for 
supplying a high voltage to an ion beam emission electrode 
system of the ion source 2 . In portions where these conductors 
42 are passed through the vacuum chamber 10, current introducing 
terminals (not shown) having a vacuum sealing function are 
disposed respectively. These conductors 42 are insulatively 
supported by insulating spacers (not shown) which are disposed 
in adequate places in the rotation shafts 14 and the arms 12. 
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[0055] In the case where the ion source 2 is disposed inside the 

vacuum chamber 10, there arises a need to lay such a conductor 
through which the electric power is supplied to the ion source 2, 
near the ion source 2, because of, for example, restriction of 
the space inside the vacuum chamber 10 as compared with the case 
where the ion source is disposed outside the vacuum chamber 10. 
In such a case, particularly, there sometimes occurs a situation 
in which the ion beam 4 is adversely affected by a magnetic 
field generated by a current flowing through the conductor. For 
example, a situation in which the traveling direction of ions 
constituting the ion beam 4 is changed and the current density 
distribution of the ion beam 4 is disturbed sometimes arises. 
In the case where the ion source 2 is of the DC discharge type 
in which a hot filament is used for generating plasma, 
particularly, the filament current is large (for example, about 

60 A) > -and- hence- -a- strong magnetic field due-to -the current -is — 

sometimes generated on the periphery. 

[0056] By contrast, in the embodiment, the conductors 42 are 

passed through in the rotation shafts 14 and the arms 12 which 
have the magnetic shielding function. Therefore, leakage of a 
magnetic field generated by a current flowing through the 
conductors 42 can be suppressed to prevent the magnetic field 
from exerting adverse effects such as described above on the ion 
beam 4 . 

[0057] In order to avoid generation of impurities and gasses from 
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a covering material, bare conductors are usually used as the 
conductors passed through in the vacuum chamber 10. In this 
case, when the conductors are laid in an exposed state inside 
the vacuum chamber 10, a phenomenon easily occurs in which, when 
a high voltage (for example, about several hundreds of voltage 
to several thousands of voltage) is applied to the conductors, a 
discharge is generated between the conductors and a neighboring 
portion of a different potential, and the emission of the ion 
beam 4 from the ion source 2 becomes unstable, because the 
circumference of the ion source 2 is a vacuum environment, and 
there are many ions and electrons which will function as a 
trigger for discharge. 

[0058] By contrast, in the embodiment, the conductors 42 are 

passed through in the rotation shafts 14 and the arms 12 which 
are at the ground potential, and electrically shielded from the 

atmosphere -in the- vacuum chamber 10 . Therefore r it -is possible 

to suppress occurrence of the phenomenon in which, when a high 
voltage is applied to the conductors 42, a discharge is 
generated with respect to a portion of a different potential in 
the vacuum chamber 10, and the emission of the ion beam 4 from 
the ion source 2 becomes unstable. 

[0059] In the embodiment, beam measuring instruments 46 which 

measure the current density distribution in the width direction 
of the ion beam 4 emitted from the ion source 2 are disposed at 
positions which are inside the vacuum chamber 10, and which are 
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opposed to the ion source 2 across a passage for the substrate 6. 

The ion source 2 is located at a predetermined angle with 
respect to the substrate 6. 

[0060] More specifically, in the embodiment, the beam measuring 

instruments 46 are disposed at positions opposed to the ion 
source 2 which is located at an angle that is substantially 
perpendicular to the substrate 6. However, the invention is not 
restricted to this. 

[0061] The beam measuring instrument 46 for measuring the current 

density distribution in the width direction of the ion beam 4 
may be plural (many) beam measuring instruments 46 which are 
juxtaposed in the width direction of the ion beam 4 as in the 
embodiment, or a single beam measuring instrument 46 which is 
mechanically scanned (driven) in the width direction of the ion 
beam 4. However, the former is preferable because the plural 

beam measuring-instruments 46 can measure -the current- density 

distribution of the ion beam 4 at one time, and the measuring 
time can be shortened. In the case where the size of the 
substrate 6 is large and also the size of the ion source 2 is 
large, particularly, the former is preferable. 

[0062] A more specific example of the beam measuring instruments 

46 is shown in Fig. 3. The beam measuring instrument 46 
comprises: a Faraday cup 48; a negative suppressing electrode 50 
which is disposed on the upstream side thereof; a positive 
suppressing electrode 52 which is disposed on the upstream side 
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thereof; a grounding electrode 54 which is disposed on the 
upstream side thereof; and a conductor container 56. The 
Faraday cup 48 receives the ion beam 4 and measures the beam 
current density. The negative suppressing electrode 50 
suppresses external leakage of secondary electrons which, when 
the ion beam 4 is incident on the Faraday cup 48, are released 
from the Faraday cup 48, and a negative voltage is applied to 
the electrode. The positive suppressing electrode 52 suppresses 
inflow of ions produced in the atmosphere of the upstream, into 
the Faraday cup 48, and a positive voltage is applied to the 
electrode. The grounding electrode 54 functions as a mask which 
defines the dimensions of the ion beam 4 entering the Faraday 
cup 48, electrically shields the electrodes and the like on the 
downstream side from the upstream side, and is electrically 
grounded. The conductor container 56 is connected to the 

— grounding— electrode 54, cooperates -with- the -grounding- -electrode 

54 to electrically shield the Faraday cup 48 and the electrodes 
50, 52 which are inside the container, and is electrically 
grounded . 

[00 63] When the above-mentioned beam measuring instruments 4 6 are 

disposed, the current density distribution in the width 
direction of the ion beam 4 emitted from the ion source 2 which 
is located at a predetermined angle with respect to the 
substrate 6 can be measured by the beam measuring instruments 46. 
Therefore, a result of the measurement can be used in 
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characteristic evaluation of the ion beam 4, adjustment of the 
ion source 2, and the like. 

[0064] In addition to the measurement of the current density 

distribution of the ion beam 4, the use of the beam measuring 
instrument 46 at a necessary position can measure also the 
current density of the ion beam 4 at the position. From a 
measurement result of the current density distribution of the 
ion beam 4, it is possible also to obtain the uniformity of the 
current density distribution. The beam measuring instruments 46 
are used also for such a measurement. 

[0065] In this case, when, as in the embodiment, the beam 

measuring instruments 46 are disposed at positions opposed to 
the ion source 2 which is located at an angle that is 
substantially perpendicular to the substrate 6, the beam 
measuring instruments 46 can be located in the vicinity of the 

- ion-source 2 r and- it is easy to cause the - ion beam 4 -to— enter 

substantially perpendicularly the beam measuring instruments 46. 

Therefore, the accuracy of measurement by the beam measuring 
instruments 46 can be enhanced. 

[0066] Next, an example of a method of processing the substrate 6 

with using the ion beam irradiation apparatus (the ion beam 
irradiation method) will be described. 

[0067] (a) First step 

The rotation shaft 14 is rotated as required, and the ion 
source 2 is located at an angle at which the ion source is 
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opposed to the beam measuring instruments 46. While the ion 
beam 4 is generated from the ion source 2 under conditions which 
are manually or previously set, the current density distribution 
of the ion beam 4 emitted from the ion source 2 is measured with 
using the beam measuring instruments 46. At this time, also the 
current density of the ion beam 4 at a necessary position, and 
the uniformity of the current density distribution of the ion 
beam 4 may be measured as required. 

[0068] (b) Second step 

Next, it is determined whether the measured current 
density distribution is within a predetermined allowable range 
or not. If the distribution is within the allowable range, the 
process proceeds to a next step, and, if the distribution is not 
within the allowable range, adjustment of causing the current 
density distribution to be within the allowable range is 

performed •manually' or automatically . At -this -time r -also -the - --- 

current density of the ion beam 4 at the necessary position, and 
the uniformity of the current density distribution of the ion 
beam 4 may be evaluated as required. If necessary, their 
adjustment may be conducted manually or automatically. Then, it 
is checked that necessary ion beam conditions are satisfied. 

[0069] (c) Third step 

Next, the rotation shaft 14 is rotated, and the ion source 
2 is located at a predetermined angle required for processing 
the substrate 6. 
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[0070] (d) Fourth step 

Next, while the substrate 6 is driven by the substrate 
driving mechanism 30 as described above, the substrate 6 is 
irradiated with the ion beam from the ion source 2, to apply a 
process on the substrate 6. For example, an alignment process 
such as described above is applied on the surface of the 
substrate 6 for a liquid crystal display. 

[0071] According to the ion beam irradiation method, the angle of 

the ion source 2 can be easily adjusted to a desired value from 
the outside of the vacuum chamber 10. As required such as for 
each substrate or for each lot of substrates, for example, the 
ion source is moved to a measurement position, the current 
density distribution of the ion beam is measured and evaluated, 
and necessary adjustment is conducted, and thereafter the ion 
source can be moved to a process position to apply the process 

on -the- substrate-.- - -As- a result , the stable process- can—be— - 

conducted easily. 

[0072] In the case where the alignment process is to be applied 

to the substrate 6, the ion beam irradiation apparatus can be 
referred to as an ion beam alignment apparatus or an ion beam 
aligning process apparatus and the like, and the ion beam 
irradiation method can be referred to as an ion beam alignment 
method or an ion beam aligning process method and the like. 
While the invention has been described in detail and with 
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reference to the specific embodiments, it is obvious to thos 
skilled in the art to make various changes and modulations 
without departing from the spirit and scope of the invention 

The present application is based on Japanese Patent 
Application (No. 2004-255648) filed September 2, 2004, and i 
disclosure is incorporated herein by reference. 
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